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Description

BACKGROUND

[0001] Electronic devices may be formed based on a
variety of processes. A device may be limited to simplistic
structures that lack interconnects. A device that contains
an interconnect may be complicated to produce, resulting
in low yields and poor quality, incompatible with more
efficient processing techniques. US 2003/168746 dis-
closes the features of the preamble of independent claim
1.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0002]

FIG. 1 is a block diagram of an apparatus including
a reflow via according to an example.
FIG. 2 is a block diagram of an apparatus including
a reflow via according to an example.
FIGS. 3A-3T show a block diagram of an apparatus
including a reflow via according to an example.
FIG. 4 is a perspective view of an apparatus including
a containment region according to an example.
FIG. 5 is a flow chart based on reflowing a dielectric
layer according to an example.
FIG. 6 is a flow chart based on etching a dielectric
layer according to an example.

DETAILED DESCRIPTION

[0003] Examples provided herein include a three di-
mensional (3-D) interconnect, e.g., an interconnect that
extends across multiple levels. The interconnect may be
formed in a reflow via of a dielectric layer of the device.
3-D interconnect structures are usable in many electronic
applications, including electronic components, display
applications, and so on. A 3-D metal interconnect may
be formed between multiple metal layers on different lev-
els of a device (an apparatus). The interconnect may
extend the possibilities for devices, including those based
on predefined patterns and self-aligned processing tech-
niques (e.g., for roll-to-roll (R2R) processing). The inter-
connect enables creation of an entire device pattern in a
single 3-D template, avoiding a need for layer-to-layer
alignment. Thus, example devices having the intercon-
nect even may be based on a substrate having a low
dimensional stability, such as flexible polymer and paper.
[0004] FIG. 1 is a block diagram of an apparatus 100
including a reflow via 122 according to an example. Ap-
paratus 100 also includes a first metal layer 110, a die-
lectric layer 120 disposed on the first metal layer 110,
and an interconnect 130 in contact with the first metal
layer 110 through the reflow via 122. The reflow via 122
may be formed based on reflow of the dielectric layer
120, and examples provided herein enable selectively
locating the reflow via 122 to provide the interconnect

130 where desired on the apparatus 100 (e.g., where an
electrical connection is to be made between different lay-
ers of an inductor, passing through an insulator such as
a dielectric layer).
[0005] The dielectric layer 120 may be a polymeric di-
electric material including, but not limited to, a UV curable
polymeric resist material or a thermally curable polymer
film. For example, the dielectric layer 120 may be formed
of SU-8, an epoxy-based, near-UV, negative photoresist
available from Micro-Chemical Corporation. The dielec-
tric layer 120 may be formed using various techniques,
such as electrophoretic deposition. In alternate exam-
ples, the dielectric layer 120 may be formed based on
alignment and inkjet printing of the dielectric layer 120
over the first metal layer 110, and/or screen printing down
a thin layer of dielectric over the first metal layer 110.
[0006] Apparatus 100 may be implemented in devices
such as passive circuit elements, active circuit elements,
and crossover elements. The active circuit elements may
include thin film transistors (e.g., field effect transistors
or bipolar junction transistors) and diodes. The passive
circuit elements may include conductor traces, resistors,
capacitors, and inductors. Various features of the appa-
ratus 100 may be formed based on electroplating, elec-
trodeposition, electroless deposition, and/or electro-
phoretic deposition. The apparatus 100 may include a
plurality of surface levels that coexist in a three-dimen-
sional arrangement, which may facilitate the manufac-
ture of template circuitry, for example.
[0007] FIG. 2 is a block diagram of an apparatus 200
including a reflow via 222 according to an example. Ap-
paratus 200 also includes a substrate 202, a first metal
layer 210 disposed on the substrate, and a raised feature
212 disposed on the first metal layer 210. Dielectric layer
220 is disposed on the raised feature 212, and includes
the reflow via 222. Interconnect 230 is formed in the re-
flow via 222, in contact with the raised feature 212 and
second metal layer 240. Second metal layer 240 is dis-
posed on the dielectric layer 220. Containment region
204 is to contain at least a portion of the dielectric layer
220 (and may include features to contain, e.g., the first
metal layer 210 and others).
[0008] In an example, apparatus 200 may be formed
using a templated electroforming approach, in which first
metal layer 210, raised feature 212, dielectric layer 220,
and second metal layer 240 are formed in a 3-D polymer
resist template by successive steps of electroplating, re-
sist etch, electrophoretic deposition of dielectric and ther-
mal reflow. The apparatus 200 may be etched using a
dry etching technique, including plasma etching, reactive
ion etching, laser ablation, focused ion beam etching,
and/or electron beam etching.
[0009] The reflow via 222 may be formed by reflow of
the dielectric (and/or dielectric removal at an increased
rate relative to surrounding regions) to expose at least a
portion of the first metal layer 210 (e.g., by exposing at
least a portion of the raised feature 212 formed on the
first metal layer 210. In alternate examples, the raised
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feature 212 may be omitted). The reflow via 222 is to
enable formation of the interconnect 230, which may be
formed, e.g., by electroplating the second metal layer
240 into the reflow via 222. Thus, the interconnect 230
may connect the first metal layer 210 (e.g., through the
raised feature 212) to the second metal layer 240. Ap-
paratus 200 may use three separate metal layers and a
dielectric layer contained in a predefined polymer struc-
ture formed as part of the substrate 202. Thus, reflow via
222 and interconnect 230 may enhance and extend tem-
plated self-aligned processes, including containment for
crossover plating and design of high process yield lay-
outs.
[0010] Example interconnects 230 may be produced
using self-aligned patterning and deposition techniques,
enabled by reflow and/or differing etching rate of dielec-
tric layer 220 relative to other geometrically distinct re-
gions of the dielectric layer 220. Dielectric material may
be selectively removed to expose and enable contact
with a layer (e.g., first metal layer 210 and/or raised fea-
ture 212) that is underlying the dielectric layer 220. Other
portions of the dielectric layer 220 may remain disposed
on the underlying layer, to provide insulation and/or other
dielectric functions (capacitance).
[0011] The raised feature 212 may be positioned on
underlying layers as desired, for locating formation of the
reflow via 222. The raised feature 212 may be a dome
or other shapes including, e.g., a block, a pyramid, and
so on. The raised feature 212 may encourage reflow of
the dielectric layer 220 to occur, progressing from a cent-
er region of the raised feature 212 toward an outer region
of the raised feature 212 (e.g., based on gravity). In al-
ternate examples, the first metal layer 210 and/or the
raised feature 212 may be sized relatively larger than
surrounding geometrically distinct regions. The raised
feature 212 may be omitted. The dielectric layer 220 then
may be etched, wherein the relatively larger area of the
first metal layer 210 etches at a faster rate than the rel-
atively smaller surrounding regions that are geometrical-
ly distinct from the first metal layer 210 region, to form
the reflow via 222. Surrounding regions may be consid-
ered geometrically distinct when, e.g., they are formed
as a separate shape, size, area, or otherwise showing a
difference in shape from another region. In an example,
a large square first metal layer region may be considered
geometrically distinct from an adjacent region that is nar-
rower and rectangular, even though the two regions are
physically connected to each other.
[0012] Upon exposing the region underlying the die-
lectric layer 220 by creating the reflow via 222, the inter-
connect 230 then may be formed in the reflow via 222.
Thus, reflow and/or etching of the dielectric layer 220
may produce template patterns with metal electro-dep-
osition, etch and dielectric electro deposition in a pre-
formed template to produce devices (e.g., thin film tran-
sistor (TFT) and crossover array devices) for flexible
electronics and roll-to-roll (R2R) processing.
[0013] Such template patterns may be used on the

substrate 202. The substrate 202 may be formed of ma-
terial that includes glass, ceramic, plastic, and/or other
materials (polymerics). The substrate 202 may be a low
temperature material (e.g., withstands temperatures up
to 150 degrees C) and/or a high temperature material
(e.g., withstands temperatures greater than 150 degrees
C). The substrate 202 may be flexible, rigid, semi-rigid,
optically transparent, translucent, non-transparent,
and/or opaque. The substrate 202 may include and/or
be bonded using an adhesive, including ultraviolet
(UV)-curable polymer adhesive such as polyacrylates
and/or epoxy, a pressure sensitive adhesive film, and/or
a thermally curable adhesive. The adhesive may be ap-
plied either in dry film format using a pressurized lami-
nation roller or as a liquid film by standard liquid coating
techniques. The adhesive may be optically transparent,
translucent, and/or opaque.
[0014] The substrate 202 may include a conductive
carrier (e.g., a plate) that has a conductive surface (e.g.,
upon which the first metal layer 210, or other layers, are
formed). For example, the carrier may be a planar stain-
less steel plate or other conductive metal, whose con-
ductive surface may include a low-resistivity metal, such
as copper, nickel, gold, silver, and/or a combination of
two or more thereof (including alloys comprising one or
more of the above, coated on a surface of the carrier).
The template three-dimensional structure of the sub-
strate 202 extending upward may be formed on the con-
ductive surface of the conductive carrier of the substrate
202. In an example, the template structure is formed from
a polymeric dielectric material.
[0015] Features of the apparatus 200 may be formed
using techniques such as lithography, electroplating,
metal deposition, and so on. Lithography may be com-
patible with putting down a photo layer, then a metal layer,
then a next photo layer, a next metal layer, and so on.
Electroplating is compatible with use of a 3-D pattern
structure that is laid down on the substrate 202 in a single
pass. Thus, electroplating enables all layers to be pat-
terned together such that use of electroplating, in forming
the apparatus 200 (to include the reflow via 222 and in-
terconnect 230), may enable elimination of a need for
several processes that would be used in, e.g., photoli-
thography.
[0016] The apparatus 200 may be formed based on an
additive process, thereby increasing efficiency and
avoiding waste (e.g., compared to a metal deposition
process that includes subtractive processes to remove
large portions of a layer). For example, in metal deposi-
tion, a resist pattern is laid down, and an entire substrate
surface is coated in a metal layer. Then, portions of that
metal layer are etched away and lost. That process is
repeated for subsequent layers, using metal deposition
across entire surfaces of a layer. In contrast, using an
additive process such as electroplating, enables appli-
cation of a material selectively where desired, without a
need to coat an entire surface of a layer only to have its
majority be etched away. Materials such as metal (and
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dielectric) may be applied selectively using additive
processing techniques.
[0017] The apparatus 200 may include a containment
region 204. The containment region 204 may contain,
e.g., the first metal layer 210 formed in the substrate 202,
and/or the dielectric layer 220 (e.g., when formed and
also when reflowed). The containment region 204 may
be provided, e.g., as a recessed trench feature to phys-
ically contain features, to control the lateral dimen-
sions/expansions of features, and/or to enclose features
that reflow.
[0018] In an example, the containment region 204 may
be formed by embossing a multilevel structure into the
substrate 202 (which may include various levels of struc-
ture applied to build up and/or augment the substrate).
The containment region 204 may be included in a multi-
level embossed pattern to be formed in the substrate
202, e.g., by forming walls of the containment region 204.
In alternate examples, the containment region 204 may
be formed by multiple instances of photolithography and
electroplating. Structures may be used to create and/or
deposit, e.g., a pattern of metal lines using successive
photolithography and electroplating steps. Subsequent
photolithography steps may follow, to define various
structures such as walls of the containment region 204.
In an alternate example, the containment region 204 may
be formed based on a combination of photolithography
and laser ablation. For example, a main pattern of metal
lines may be deposited using a photolithography and
electroplating as in the previous example. Following the
first level of plating, a single photolithography step may
be used to define various patterns, and a relatively thicker
resist layer may be used compared to the previous ex-
ample to build up structures. The containment region 204
then may be created using laser ablation.
[0019] FIGS. 3A-3T show a block diagram of an appa-
ratus 300 including a reflow via according to an example.
Apparatus 300 may be formed based on photo patterning
to create a plurality of three-dimensional levels, although
in alternate examples the plurality of levels may be
formed using other techniques (e.g., being provided as
a three dimensional patterned structure that is formable
self-aligned in a substrate, e.g., based on embossing with
a template and/or roll-to-roll processing). As the example
of FIGS. 3A-3T, an inductor apparatus 300 is presented
based on the formation of a three dimensional template
with multiple layers on a conductive surface. The exam-
ple inductor structure demonstrates creation of multiple
metal layers, with some metal layers connected together
by an interconnect.
[0020] FIG. 3A shows a top view of apparatus 300A
including a base metal layer 303 and a first resist layer
305. FIG. 3B shows a side view of apparatus 300A along
line A-A, illustrating first resist layer 305 disposed on base
metal layer 303, which is disposed on substrate 302. In
an example, the first resist layer 305 may be formed by
photoresist SU8-2 spun on at 4500 revolutions per
minute (rpms) to produce a thickness of approximately

0.8 microns.
[0021] The base metal layer 303 of the substrate 302
is metallic, and polymer subsequently may be selectively
built up and/or patterned to provide three dimensional
structures and/or exposures of metal traces. Exposed
metal traces may be used, and additional metal may be
added (e.g., using an electroplating process). A dielectric
layer may be added (e.g., using electrofluoretic deposi-
tion), to be reflowed to form a reflow via and interconnect.
[0022] FIG. 3C shows a top view of apparatus 300C
including first metal layer 310. FIG. 3D shows a side view
of apparatus 300C along line C-C, illustrating that first
metal layer 310 may be disposed on the base metal layer
303. In an example, first metal layer 310 may be formed
by electroplating nickel (Ni) to a thickness approximately
equal to a thickness of the first resist layer 305. In alter-
nate examples, a thickness of first metal layer 310 may
differ from a thickness of the first resist layer 305 (e.g.,
by approximately 0.5 microns or more). In an example,
the first metal layer 310 is plated higher/thicker than the
first resist layer 305. The electroplating of the first metal
layer 310 may be carried out at 56 degrees Centigrade
(C) for fifteen seconds (S) at 0.5 amps (A), and again for
20 S at 0.3 A.
[0023] FIG. 3E shows a top view of apparatus 300E
including second resist layer 306. FIG. 3F shows a side
view of apparatus 300E along line E-E, illustrating a rel-
ative thickness of the second resist layer 306. In an ex-
ample, the second resist layer 306 may be formed by
photoresist SU8-2 spun on at 4500 rpms to produce a
thickness of approximately 0.8 microns.
[0024] FIG. 3G shows a top view of apparatus 300G
including third resist layer 307. FIG. 3H shows a side
view of apparatus 300G along line G-G. In an example,
third resist layer 307 may be formed of photoresist
SU8-10, spun on at 3300 rpms for 6 minutes to produce
a thickness of approximately 7 microns.
[0025] FIG. 3I shows a top view of apparatus 3001 in-
cluding fourth resist layer 308 and first raised feature 311.
FIG. 3J shows a side view of apparatus 3001 along line
I-I. In an example, fourth resist layer 308 may be formed
of photoresist SU8-10, spun on at 3300 rpms for 6 min-
utes to produce a thickness of approximately 7 microns.
FIG. 3K shows a side view of apparatus 3001 along line
I-I, illustrating first raised feature 311. In an example, first
raised feature 311 may be formed by plating up a dome
of nickel, e.g., a thickness of approximately 2 microns of
nickel formed by electroplating at 56 degrees C for 30 S
at 0.5 A, and again for 40 S at 0.3 A. FIG. 3L shows a
side view of apparatus 3001 along line I-I, illustrating
etched regions 309A, 309B to expose underlying layers
(e.g., a portion of the base metal layer 303). In an exam-
ple, multiple (e.g., four) regions may be etched. The base
metal layer 303 may be exposed by etching, in prepara-
tion for subsequent electroplating.
[0026] FIG. 3M shows a top view of apparatus 300M
including second raised feature 312 and additional metal
layer regions 350. FIG. 3N shows a side view of appa-
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ratus 300M along line M-M, illustrating second raised fea-
ture 312 and additional metal layer region 350. In an ex-
ample, the second raised feature 312 and the additional
metal layer regions 350 may be formed as the same layer
by electroplating a thickness of approximately 2 microns
of nickel at 56 degrees C, for 30 S at 0.5 A and 40 S at
0.3 A. In alternate examples, the second raised feature
312 and the additional metal layer regions 350 may be
formed separately (e.g., as different layers and/or met-
als). The second raised feature 312 is to rise above the
additional metal layer regions 350.
[0027] The raised feature 312 is shown as a dome.
However, other techniques and shapes may be used to
obtain the raised feature 312, including a flat raised fea-
ture. Electroless plating may be used to plate up a flat
surface that may not be domed, to raise the surface up
above surrounding regions. Areas may be masked-off to
enable selective application of metal for raising up the
raised feature 312.
[0028] FIG. 3O shows a top view of apparatus 3000
including dielectric layer 320, including a first region 324
geometrically distinct from a second region 326 (a third,
unlabeled, region of the dielectric layer 320 also is shown,
and other regions may be included). FIG. 3P shows a
side view of apparatus 3000 along line O-O, illustrating
the first region 324 of the dielectric layer 320 geometri-
cally distinct from the second region 326. The dielectric
layer 320 may be electro-depositable, to attach to metals
(and not the resist layers) due to an electrophoretic effect.
[0029] FIG. 3Q shows a top view of apparatus 300Q
including reflow via 322 contained in the dielectric layer
320. FIG. 3R shows a side view of apparatus 300Q along
line Q-Q, illustrating that the reflow via 322 is to expose
a portion of the underlying raised feature 312. In an ex-
ample, the reflow via 322 may be formed by heating the
dielectric layer 320 such that the dielectric layer 320
reaches or exceeds a glass transition temperature (Tg).
For example, the apparatus 300Q may be baked at 80
degrees C for 20 minutes to reflow the dielectric 320 to
form the reflow via 322.
[0030] The dielectric layer 320 may have a glass tran-
sition temperature to enable reflow transition at a bake
temperature (e.g., approximately 80 degrees C). The ap-
paratus 300 may be processed at some point based on
meeting and/or exceeding the glass transition tempera-
ture, and may include a melting procedure to reflow the
dielectric layer 320. However, production of the appara-
tus may achieve dielectric reflow as part of another pro-
cedure (e.g., to bake another feature of the apparatus
that is not specifically dedicated to the dielectric layer
320). Thus, it is possible to get "double-duty" out of a
baking process to also accomplish reflow of the dielectric
layer 320 to create the reflow via 322. If the glass tran-
sition temperature of the dielectric layer 320 exceeds a
baking temperature of a particular bake, it may be pos-
sible to adjust the bake procedure to use a higher tem-
perature to provide reflow of the dielectric layer 320 dur-
ing that bake.

[0031] The dielectric layer 320 may reflow away from
the top of the raised feature 312 to expose at least a
portion of the raised feature 312, and may reflow toward
a containment region 304, based on the raised feature
312 being higher than a surrounding surface (e.g., higher
than containment region 304). A thickness of the dielec-
tric layer 320 may be made sufficient to withstand sub-
sequent etching or other procedures (e.g., etching of ad-
ditional patterned layers). Reflow to the containment re-
gion 304 may provide greater dielectric protection at the
containment region 304 compared to pre-reflow condi-
tions, and may provide other features such as greater
capacitance where reflow was contained. The raised fea-
ture 312 is depositable anywhere dielectric reflow is de-
sired, for locating an interconnect to occupy the reflow
via 322.
[0032] FIG. 3S shows a top view of apparatus 300S
including second metal layer 340 and crossover 352. In
an example, the crossover 352 may be formed from the
second metal layer 340, without a need for dedicated
and/or separate processing to form the crossover 352.
In alternate examples, the crossover 352 may be formed
separately, e.g., as additional metal layer regions. The
second metal layer 340 may be formed by electroplating
nickel for approximately 1,500 S. The dielectric layer 320
is to electrically isolate the crossover 352 from underlying
additional metal layer region 350. FIG. 3T shows a side
view of apparatus 300S along line S-S, illustrating the
second metal layer 340, interconnect 330 formed in the
reflow via 322, raised feature 312, first metal layer 310,
and additional metal layer region 350. Thus, the second
metal layer 340 is in contact with the first metal layer 310
via the interconnect 330 disposed on the raised feature
312. In an example, the interconnect 330 may be formed
during formation of the second metal layer 340.
[0033] Thus, the interconnect 330 may enable forma-
tion of stacked crossover lines, and connections between
one metal layer and another metal layer in a device. The
interconnect 330 and crossover 352 may be formed using
the same layer, thereby avoiding a need for separate
processing to form the interconnect 330 and crossover
352.
[0034] The example inductor apparatus 300 demon-
strates multiple metal layers including an interconnect
and a crossover. Other example apparatuses may not
need all of these features, and some features may be
omitted. For example, metal layers need not intercon-
nect, and reflow channels may be formed to allow die-
lectric reflow away from a metal layer. Walled structures
may be designed to prevent interconnection of the elec-
troplated structures.
[0035] In post processing, the apparatus may be trans-
ferred to a polymer substrate. In follow-on processing,
an adhesive layer may be applied to at least a portion of
a surface of the apparatus, a polymer layer may be lam-
inated onto the adhesive layer, and the entire stack may
be peeled from the conductive surface enabled by a sac-
rificial metal peel and transfer process. Such a flexible
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electronic circuit may be used independently or attached
to other electronic devices, integrated circuit (IC) chips,
or other devices. The first metal layer may be used as
an electrical interconnect between other laminated sub-
strates or IC chips. It is possible to integrate other circuit
elements into the flexible circuit, such as sensors, TFT
devices, capacitors, resistors, display arrays, and the
like.
[0036] FIG. 4 is a perspective view of an apparatus
400 including a containment region 404 according to an
example. Apparatus 400 may be formed based on pro-
viding a plurality of three dimensional levels, e.g., as a
three dimensional patterned structure that is formable
self-aligned in a substrate (e.g., embossed using roll-to-
roll processing). However, in alternate examples, other
techniques may be used to create the plurality of three-
dimensional levels (e.g., photo patterning). Apparatus
400 may include a substrate 402, the containment region
404, a channel 460, and a first region 410 (e.g., to contain
a first metal layer, such as a raised feature and/or a rel-
atively larger geometric region). The various features
may be provided at different 3-D levels, e.g., at different
heights from the first region 410 relative to a base of the
substrate 402. Channel 460 may contain external fea-
tures, such as a metal III layer formed as part of an in-
ductor coil or other feature of the apparatus.
[0037] The first region 410 may be relatively larger in
area than the containment region 404, which is geomet-
rically distinct from the first region 410. The relative dif-
ference in area may affect the rate of etch of an overlying
dielectric layer. For example, the relatively larger area of
the first region 410 may result in a relatively higher rate
of etch, to help with the breakthrough of the dielectric
layer corresponding to the first region 410, compared to
the dielectric layer corresponding to the containment re-
gion 404 (which may remain intact without dielectric etch
break through). Because the etch rate of the dielectric
layer over larger features is higher than it is for smaller
features, subjecting first region 410 to, e.g., a dry etch
process such as a plasma etch, will etch the larger area
more quickly than it will the smaller area. Also, when di-
electric depositing, e.g., when electroplating the dielec-
tric, higher current density may result in thicker fill-ins,
which also may contribute to the desired dielectric and
metal layer thickness features.
[0038] A raised feature may be formed in the first region
410, to cause the dielectric layer to reflow off the raised
feature toward adjacent lower regions such as the con-
tainment region 404. Dielectric also may reflow into the
channel 460.
[0039] Examples may be provided that use a first re-
gion 410 that is relatively larger in area than surrounding
regions, without using a raised feature, to obtain a reflow
via. Examples may combine the features of a relatively
large first region 410, and a raised feature (dome) to ob-
tain the reflow via. These features may contribute to the
dielectric achieving a break-through to form the reflow
via. Whether to include a particular feature(s) may be

guided based on an amount of design space available
at the apparatus. Thus, in an example, a reflow via may
be achieved without a reflow step, relying on etching ef-
fects of the relatively larger first region 410.
[0040] By selectively patterning the substrate 402, the
nature of the pattern itself may create areas which will
have a higher current density during processing, causing
more metal to deposit at those relatively larger areas
compared to areas with lower current density. Deposition
of the dielectric layer (e.g., electrofluoretic deposition)
may rely on a different mechanism that functions inverse-
ly compared to the metal deposition, so the areas of high
current density may result in depositing less dielectric
than metal. Accordingly, this technique may be used to
selectively enable controlled dielectric deposition to en-
able break-through where a reflow via is desired to enable
formation of an interconnect - e.g., by forming the first
region 410 to have a relatively larger relative area than
surrounding regions.
[0041] Example apparatus 400 may be formed based
on a self-aligned approach to devices having substantial
uniformity compared to non-self-aligned approaches.
The template system may include a 3-D template/em-
bosser having multiple levels and multiple feature regions
associated with the multiple levels. The template may be
patterned with feature regions having substantially uni-
form sizes and substantially uniform distribution among
the levels of the template. The template then may be
pressed into the substrate 402 to form the corresponding
structures as illustrated. Channels, regions, crossovers,
and other features may be produced within the template
system with substantial uniformity throughout the tem-
plated structure, without a separate need to align those
features relative to each other (e.g., if produced in sep-
arate steps, whose results would need to be aligned be-
tween steps).
[0042] Templated electroforming may be used as a
self-aligned approach, to deposit individual layers of ma-
terials in succession into a 3-D dielectric template. A dep-
osition step may be electro, electrophoretic or electroless
deposition. Additive deposition techniques such as slot
coating, spray deposition and inkjet printing also may be
incorporated. The photoresist template may be a multi-
level structure formed on a conductive substrate. As in-
dividual layers are built up, individual levels within the
template may be etched back to expose an underlying
conductive substrate to allow for further electrodeposi-
tion. After patterning and deposition, a fully-formed tem-
plated structure may be transferred to a polymer sub-
strate by a peel-off transfer process.
[0043] The substrate material 402 may be heated up
to meet or exceed a glass transition temperature for the
substrate 402, and an embossed roller containing a mas-
ter template may be rolled into the substrate material 402
to leave behind the structure shown, containing various
features as shown and described herein. Thus, misalign-
ment between various features in the substrate 402 may
be avoided, because the features are self-aligned.
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[0044] Thus, examples shown may avoid a need for
additional steps. For example, avoiding a need to sepa-
rately mask and/or selectively remove dielectric, by virtue
of the reflow via formation by baking. A need to align
various features is avoided, by virtue of using self-aligned
processing (e.g., roll-to-roll). Examples are not limited to
use of roll-to-roll, and may use other techniques such as
three-layer photo lithography (e.g., photolithography with
electroplating on a rigid substrate). Multiple photolitho-
graphic, bake, and develop steps may be avoided, there-
by increasing efficiency while enabling the use of a 3-D
interconnect option to enable various electronic applica-
tions. Patterning may be carried out in a single step. Ex-
amples may be produced based on additive processing
where material is selectively deposited as-needed, with-
out a need to cover an entire layer and etch most of it
away. Techniques are compatible with flexible (i.e., non-
rigid) substrates and roll-to-roll processing for flexible
electronics applications.
[0045] FIG. 5 is a flow chart 500 based on reflowing a
dielectric layer according to an example. In block 510, a
dielectric layer is formed on a first metal layer. In block
520, the dielectric layer is reflowed to form a reflow via.
In block 530, an interconnect with the first metal layer is
formed at the reflow via. Thus, an example may be pro-
vided wherein the dielectric is formed, a reflow is per-
formed, and interconnects are formed by plating up met-
al.
[0046] FIG. 6 is a flow chart based on etching a die-
lectric layer according to an example. In block 610, a
dielectric layer is formed on a first metal layer. In block
620, a first region of the dielectric layer is etched at an
increased rate compared to a geometrically distinct sec-
ond region of the dielectric layer, to form the reflow via.
In block 630, an interconnect with the first metal layer is
formed at the reflow via. Thus, an example may be pro-
vided based on forming the dielectric layer, preferentially
etching a large center feature, and then forming the in-
terconnect.

Claims

1. An apparatus comprising:

a substrate (202);
a first metal layer (110; 210; 310) disposed on
the substrate (202);
a dielectric layer (120; 220; 320) disposed on
the first metal layer (110; 210; 310), wherein the
dielectric layer (120; 220; 320) includes a via
(122; 222; 322), formed by reflow of the dielectric
layer (120; 220; 320); and
an interconnect (130; 230; 330) in contact with
the first metal layer (110; 210; 310) through the
via (122; 222; 322); characterized in that the
substrate (202) includes a containment region
(304; 404) to contain reflow of the dielectric layer

(120; 220; 320).

2. The apparatus of claim 1, wherein the dielectric layer
(120; 220; 320) includes a first region (324) and a
second region (326), wherein the first region (324)
is geometrically distinct from and larger in surface
area than the second region (326), and wherein the
via (122; 222; 322) is formed in the first region.

3. The apparatus of claim 1, further comprising a raised
feature (212; 311) disposed on the first metal layer
(110; 210; 310), the raised feature (212; 311) being
raised up above surrounding regions; wherein the
via (122; 222; 322) is disposed on the raised feature
(212; 311).

4. The apparatus of claim 3, wherein the dielectric layer
(120; 220; 320) is reflowable upon reaching a glass
transition temperature (Tg)

5. The apparatus of claim 3, wherein the raised feature
(212; 311) is a dome.

6. The apparatus of claim 1, wherein the dielectric layer
(120; 220; 320) is electrodepositable based on an
electrophoretic effect to cause the dielectric layer
(120; 220; 320) to attach to metal.

7. The apparatus of claim 1, wherein the substrate
(202) includes a plurality of levels to receive the first
metal layer (110; 210; 310), the dielectric layer (120;
220; 320), and the interconnect (130; 230; 330),
wherein the interconnect (130; 230; 330) spans
across the plurality of levels.

8. The apparatus of claim 7, wherein the plurality of
levels are provided as a three dimensional patterned
structure that is formable self-aligned in the substrate
(202).

9. The apparatus of claim 1, wherein the interconnect
(130; 230; 330) is formed by a second metal layer
(240; 340), and the apparatus further comprises a
crossover (352) formed by the second metal layer
(240; 340) disposed on the dielectric layer (120; 220;
320) to provide an electrical conduction path across
the dielectric layer (120; 220; 320).

10. The apparatus of claim 1, the apparatus comprising:

a raised feature (212; 311), the raised feature
(212; 311) being raised up above surrounding
regions;
wherein the dielectric layer (120; 220; 320) is
disposed on the raised feature (212; 311);
wherein the via (122; 222; 322) is disposed in
the dielectric layer (120; 220; 320) at the raised
feature (212; 311), and
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wherein the interconnect (130; 230; 330) is in
contact with the raised feature (212; 311)
through the via (122; 222; 322).

11. The apparatus of claim 10, wherein the raised fea-
ture (212; 311) is disposed on the first metal layer
(110; 210; 310).

12. The apparatus of claim 10, further comprising a sec-
ond metal layer (240; 340) disposed on the dielectric
layer (120; 220; 320), wherein the interconnect (130;
230; 330) is formed from the second metal layer (240;
340).

13. A method, comprising:

forming a first metal layer (110; 210; 310) on a
substrate (202);
forming a dielectric layer (120; 220; 320) on the
first metal layer (110; 210; 310);
reflowing the dielectric layer (120; 220; 320) to
form a via (122; 222; 322);
forming an interconnect (130; 230; 330) with the
first metal layer (120; 220; 320) at the via (122;
222; 322); characterized by the substrate (202)
including a containment region (304; 404) to
contain reflow of the dielectric layer (120; 220;
320).

14. The method of claim 13, wherein reflowing the die-
lectric layer (120; 220; 320) comprises heating the
dielectric layer (120; 220; 320) at or above a glass
transition temperature (Tg) during a baking process.

Patentansprüche

1. Vorrichtung, Folgendes umfassend:

ein Substrat (202);
eine erste metallische Schicht (110; 210; 310),
welche auf dem Substrat (202) angeordnet ist;
eine dielektrische Schicht (120; 220; 320), wel-
che auf der ersten metallischen Schicht (110;
210; 310) angeordnet ist, wobei die dielektrische
Schicht (120; 220; 320) einen Durchgang (122;
222; 322) umfasst, welcher durch Aufschmel-
zung der dielektrischen Schicht (120; 220; 320)
gebildet ist; und
eine Zwischenverbindung (130; 230; 330), wel-
che mit der ersten metallischen Schicht (110;
210; 310) durch den Durchgang (122; 222; 322)
in Kontakt steht;
dadurch gekennzeichnet, dass
das Substrat (202) einen Auffangbereich (304;
404) umfasst, um die Aufschmelzung der die-
lektrischen Schicht (120; 220; 320) aufzufan-
gen.

2. Vorrichtung nach Anspruch 1, wobei die dielektri-
sche Schicht (120; 220; 320) einen ersten Bereich
(324) und einen zweiten Bereich (326) umfasst, wo-
bei der erste Bereich (324) im Verhältnis zum zwei-
ten Bereich (326) geometrisch verschieden ist und
eine größere Oberfläche aufweist und wobei der
Durchgang (122; 222; 322) im ersten Bereich gebil-
det ist.

3. Vorrichtung nach Anspruch 1, ferner umfassend ein
erhabenes Merkmal (212; 311), welches auf der ers-
ten metallischen Schicht (110; 210; 310) angeordnet
ist, wobei das erhabene Merkmal (212; 311) ober-
halb der umliegenden Bereiche erhaben ist; wobei
der Durchgang (122; 222; 322) auf dem erhabenen
Merkmal (212; 311) angeordnet ist.

4. Vorrichtung nach Anspruch 3, wobei die dielektri-
sche Schicht (120; 220; 320) beim Erreichen einer
Glasübergangstemperatur (Tg) aufschmelzbar ist.

5. Vorrichtung nach Anspruch 3, wobei das erhabene
Merkmal (212; 311) eine Kuppel ist.

6. Vorrichtung nach Anspruch 1, wobei die dielektri-
sche Schicht (120; 220; 320) auf der Basis eines
elektrophoretischen Effekts elektrisch abscheidbar
ist, um zu veranlassen, dass sich die dielektrische
Schicht (120; 220; 320) mit dem Metall verbindet.

7. Vorrichtung nach Anspruch 1, wobei das Substrat
(202) eine Mehrzahl von Ebenen umfasst, um die
erste metallischen Schicht (110; 210; 310), die die-
lektrische Schicht (120; 220; 320) und die Zwischen-
verbindung (130; 230; 330) aufzunehmen, wobei die
Zwischenverbindung (130; 230; 330) die Mehrzahl
von Ebenen überspannt.

8. Vorrichtung nach Anspruch 7, wobei die Mehrzahl
von Ebenen als dreidimensionale gemusterte Struk-
tur bereitgestellt ist, welche selbstausgerichtet im
Substrat (202) erzeugbar ist.

9. Vorrichtung nach Anspruch 1, wobei die Zwischen-
verbindung (130; 230; 330) durch eine zweite me-
tallische Schicht (240; 340) gebildet ist und wobei
die Vorrichtung ferner einen Übergang (352) um-
fasst, welcher durch die zweite metallische Schicht
(240; 340) gebildet ist, welche auf der dielektrischen
Schicht (120; 220; 320) angeordnet ist, um einen
elektrischen Leitungspfad über die dielektrische
Schicht (120; 220; 320) hinweg bereitzustellen.

10. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
umfasst:

ein erhabenes Merkmal (212; 311), wobei das
erhabene Merkmal (212; 311) oberhalb der um-
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gebenden Bereiche erhaben ist;
wobei die dielektrische Schicht (120; 220; 320)
auf dem erhabenen Merkmal (212; 311) ange-
ordnet ist;
wobei der Durchgang (122; 222, 322) in der di-
elektrischen Schicht (120; 220; 320) am erha-
benen Merkmal (212; 311) angeordnet ist und
wobei die Zwischenverbindung (130; 230; 330)
mit dem erhabenen Merkmal (212; 311) durch
den Durchgang (122; 222; 322) in Kontakt steht.

11. Vorrichtung nach Anspruch 10, wobei das erhabene
Merkmal (212; 311) auf der ersten metallischen
Schicht (110; 210; 310) angeordnet ist.

12. Vorrichtung nach Anspruch 10, ferner umfassend ei-
ne zweite metallische Schicht (240; 340), welche auf
der dielektrische Schicht (120; 220; 320) angeordnet
ist, wobei die Zwischenverbindung (130; 230; 330)
aus der zweiten metallische Schicht (240; 340) ge-
bildet ist.

13. Verfahren, umfassend die folgenden Schritte:

Bilden einer ersten metallischen Schicht (110;
210; 310) auf einem Substrat (202);
Bilden einer dielektrischen Schicht (120; 220;
320) auf der ersten metallischen Schicht (110;
210; 310);
Aufschmelzen der dielektrischen Schicht (120;
220; 320), um einen Durchgang (122; 222; 322)
zu bilden;
Bilden einer Zwischenverbindung (130; 230;
330) mit der ersten metallischen Schicht (120;
220; 320) am Durchgang (122; 222; 322);
dadurch gekennzeichnet, dass
das Substrat (202) einen Auffangbereich (304;
404) umfasst, um die Aufschmelzung der die-
lektrischen Schicht (120; 220; 320) aufzufan-
gen.

14. Verfahren nach Anspruch 13, wobei das Aufschmel-
zen der dielektrischen Schicht (120; 220; 320) ein
Aufwärmen der dielektrischen Schicht (120; 220;
320) bei oder oberhalb einer Glasübergangstempe-
ratur (Tg) während eines Backvorgangs umfasst.

Revendications

1. Appareil comprenant :

un substrat (202) ;
une première couche métallique (110 ; 210 ;
310) disposée sur le substrat (202) ;
une couche diélectrique (120 ; 220; 320) dispo-
sée sur la première couche métallique (110 ;
210 ; 310), la couche diélectrique (120 ; 220 ;

320) incluant un trou de liaison (122 ; 222 ; 322)
formé par refusion la couche diélectrique (120 ;
220 ; 320) ; et
une interconnexion (130 ; 230 ; 330) en contact
avec la première couche métallique (110 ; 210 ;
310) à travers le trou de liaison (122 ; 222 ; 322) ;
caractérisé en ce que
le substrat (202) inclut une région de confine-
ment (304 ; 404) destinée à contenir la refusion
de la couche diélectrique (120 ; 220 ; 320).

2. Appareil selon la revendication 1, dans lequel la cou-
che diélectrique (120 ; 220 ; 320) inclut une première
région (324) et une seconde région (326), la premiè-
re région (324) étant géométriquement distincte et
présentant une surface supérieure à celle de la se-
conde région (326), et le trou de liaison (122 ; 222 ;
322) étant formé dans la première région.

3. Appareil selon la revendication 1, comprenant en
outre un élément en relief (212 ; 311) disposé sur la
première couche métallique (110 ; 210 ; 310), l’élé-
ment en relief (212 ; 311) étant surélevé au-dessus
des régions environnantes ; le trou de liaison (122 ;
222 ; 322) étant disposé sur l’élément en relief (212 ;
311).

4. Appareil selon la revendication 3, dans lequel la cou-
che diélectrique (120 ; 220 ; 320) peut être refondue
lorsque la température de transition vitreuse (Tg) est
atteinte.

5. Appareil selon la revendication 3, dans lequel l’élé-
ment en relief (212 ; 311) est un dôme.

6. Appareil selon la revendication 1, dans lequel la cou-
che diélectrique (120 ; 220 ; 320) peut être électro-
déposée par effet électrophorétique pour amener la
couche diélectrique (120 ; 220 ; 320) à se fixer au
métal.

7. Appareil selon la revendication 1, dans lequel le
substrat (202) inclut une pluralité de niveaux pour
recevoir la première couche métallique (110 ; 210 ;
310), la couche diélectrique (120 ; 220 ; 320), et l’in-
terconnexion (130 ; 230 ; 330), l’interconnexion
(130 ; 230 ; 330) s’étendant à travers la pluralité de
niveaux.

8. Appareil selon la revendication 7, dans lequel la plu-
ralité de niveaux est fournie sous forme de structure
à motifs tridimensionnelle qui peut être formée de
manière auto-alignée dans le substrat (202).

9. Appareil selon la revendication 1, dans lequel l’inter-
connexion (130 ; 230 ; 330) est formée par une se-
conde couche métallique (240 ; 340), et l’appareil
comprend en outre un croisement (352) formé par
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la seconde couche métallique (240 ; 340) disposée
sur la couche diélectrique (120 ; 220 ; 320) pour four-
nir un chemin de conduction électrique à travers la
couche diélectrique (120 ; 220 ; 320).

10. Appareil selon la revendication 1, l’appareil
comprenant :

un élément en relief (212 ; 311), l’élément en
relief (212 ; 311) étant surélevé au-dessus des
régions environnantes ;
la couche diélectrique (120 ; 220 ; 320) étant
disposée sur l’élément en relief (212 ; 311) ;
le trou de liaison (122 ; 222 ; 322) étant disposé
dans la couche diélectrique (120 ; 220 ; 320) sur
l’élément en relief (212 ; 311), et
l’interconnexion (130 ; 230 ; 330) étant en con-
tact avec l’élément en relief (212 ; 311) à travers
le trou de liaison (122 ; 222 ; 322).

11. Appareil selon la revendication 10, dans lequel l’élé-
ment en relief (212 ; 311) est disposé sur la première
couche métallique (110 ; 210 ; 310).

12. Appareil selon la revendication 10, comprenant en
outre une seconde couche métallique (240 ; 340)
disposée sur la couche diélectrique (120 ; 220 ; 320),
l’interconnexion (130 ; 230 ; 330) étant formée à par-
tir de la seconde couche métallique (240 ; 340).

13. Procédé comprenant :

la formation d’une première couche métallique
(110 ; 210 ; 310) sur un substrat (202) ;
la formation d’une couche diélectrique (120 ;
220 ; 320) sur la première couche métallique
(110 ; 210 ; 310) ;
la refusion de la couche diélectrique (120 ; 220 ;
320) pour former un trou de liaison (122 ; 222 ;
322) ;
la formation d’une interconnexion (130 ; 230 ;
330) avec la première couche métallique (120 ;
220 ; 320) au niveau du trou de liaison (122 ;
222 ; 322) ; caractérisé en ce que
le substrat (202) inclut une région de confine-
ment (304 ; 404) destinée à contenir la refusion
de la couche diélectrique (120 ; 220 ; 320).

14. Procédé selon la revendication 13,
dans lequel la refusion de la couche diélectrique
(120 ; 220 ; 320) comprend le chauffage de la cou-
che diélectrique (120 ; 220 ; 320) à ou au-dessus de
la température de transition vitreuse (Tg) au cours
d’un processus de cuisson.
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